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Device and method for measuring multi phase flow. 



The piesent invention concerns an apparatus and a method for determining flow 
rate and gas/liquid ratio in multi-phase flows in pipes and wells, as stated in the 
5 introductory of claims 1 and 3, respectively. 

Technical background. 

US Patent 4,312,234 discloses the use of a. twisted tape and a venturi. The 
pressure loss across each is measured. Mathematical and experimental (calibration) 

10 values are used to cpirelate the measured pressure losses to the mixture flow rate. 
The twisted tape is located immediately upstream to establish an annular shaped and 
homogenous flow through the venturi. This mediod dq)erids on the use of a correct 
mathematical model with comprehensive calibration values. The method provides the 
mixture flow rate if the gas-liquid ratio is known. Moreover, this method requires an 

15 installation inside the pipe system, while the provision of the large number of 
required calibration values is very difficult. 

US Patent 4^202,230 discloses an comparative filter cofrdating technique, in 
which several type of signals can be used: pressure, acoustic, optical, and others. 
Experimental values are required to identify the characteristic propCTties of the 

20 flowing phases. Two sensors pick up the signal and compare this with the 

characteristic properties. The propagation time for identical properties results in the 
flow rate. However, die metiiod provides only the flow rates of individual phases 
and not the gas-liquid ratio. The present applicant is of the opinion that it is very 
difficult to obtain values for theses characteristic properties -and- that these properties 

25 axe also liable to change between two meting stations. 

US Patent 4,884,457 discloses two density meters, such as gamma ray meters. The 
measurements are correlated and compared with theoretical equations for a two-phase 
flow. However, such gamma ray meters are not able to provide a reponse that is 
suffidently fast to detect die detaDed flow prcq>erties which are required to crossr 

30 correlate the values. 
• Briefly, a variety of metering techniques for multi-phase systems have been 
proposed to measure flow rate and gas-liquid ratios. The problem is very complex 
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and has not been solved. A lot of new techiques axe being developed, bnt the details 
of these are mostly unavailable. 

A gamma lay meter can measure the density of a multi-phase mixture provided 
that the meter have been calibrated. Typically, the pipe is filled with the gas phase 

5 and the meter is calibrated, whereupon the pipe is filled with the Hquid phase for 
cabT>ration with respect to the latter. The equipment is then used to measure the 
reduction of intensity of the radiation that passes through the mixture of the two 
calibration fluids (gas and liquid). However, the caHbration curve is necessarily not 
linear and thus it is not always possible to predict the calibration curve for mixnires. 

10 Experience from experiments with flowinggas-Kqmdnrixtures^^ 

shape of the caHbration curve. However, a considerable volume of experimental 
values is requried to obtain sufficiently accurate values for the real mixmre densit)-. 
This method provides only the gas-liquid ratio. For statistical reasons, this gamma 
ray instrument must measure the reduction of ray intensity during a certain period of 

15 time this it is not suited for the provision of momentary values. Several different 
gamma ray apparatus have been proposed, and such apparatus have been tested to 

overcome the difficulties comiected with this technique. As mentioned above 
obtaining a sufficient amount of gamma rays to provide agnificant signals takes time 
(statistic of nudeous phenomena) and th^efore such methods are, for that reason, 
20 not readily ^licable to cross-conclation techniques. 

The cross-conelation technique is used in several of the prppwed multi-phase 
methods. The cross-corrdation technique is based upon the roeasuiemenl of a signal 
- — -. at two-locations. These two agn^s are compared to obtain information rf)Out the 
propagation time between the two positions. Natural fluctuations form the basis of 
25 most of the cross^ronelation techniques. These natural fluctuations are difficult to 
detect. 

Capacitance methods are being developed to detect the mass flow of hydrocarbons 
and water in a pipe. Howex-er. such method is sensitive to water, i.e., the method 
measures the water flow rate, and assumes that the remaining flow is hydrocarbons. 
30 However, one can not distinguish between liquid hydrocarbons and gaseous 
hydrocarbons. Moreover, the c^adtance method is influenced by the gas-liquid 
ration, thus daiming for a correction of the metering results in view of an 
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independent measurement for gas/liquid fraction, provided from e.g. a gamma ray 
meter. 

Techniques using microwaves are being developed, and this is the latest 
contribution to this art. »<6crowaves are absorbed by water, and like the capacitance 
5 meter, one assumes that the remaining medium consists of hydrocarbons. The 
microwave technique (and the capacitance method) are also influenced by the 
gas/liquid ratio, accordingly a calibration is required. On the other hand, the 
nuCTowave technique may be used for cross-correlation, but smce the technique 
involves a large metering volume, only particular features of the multi-phase flow in 
IQ a large scale are detectable. 

The capacitance method and the microwave technique have substantially the same 
field of use, but do also have the same limitations. 

In connection with research and in commercial applications, metering equipment 
conasting of two meters are being developed: a gamma ray meter and a capacitance 
15 or microwave meter. One of the meters provides the ps/liquid ratio and the other 
pro>ades the amount of water. However, none of these arc able to provide the flow 
rate in a multi-phase system. 

Meters based upon the principle of gamma rays can be used to measure gas and 
volumetric liquid flowrates in a pipe. However, the accuracy of such metering is 
20 questionable as mentioned above. A substantial degree of calibration must be done to 
obtain good results. The gamma ray equiptiient can be used in the laboiatoiy with 
accesorfes to calibrate the regularity of the equipment, but the application of such 

technique off-shore and with subs^ insiaUations has practical liinitations. The 

gamma ray meter is not applicaible to cross-correlation. 
25 • A c^ndEance meter is said to be applicable to the metering of water volume 
flowing wth hydrocarbons in a pipe. The central question is the applicability of the 
capadtance meter to cross-correlation. The meter is said to be adjustable for such 
applications but, from the present inventor's point of view,, this will become 
difficult. The technique is based upon a large metering volume; i.e. a pipe length 
30 that is several times longer than the pipe diameter. In such volume, it will be 
. difficult to register anything other than the general properties of the flow (the flow 
characteristics). Thus, the capadtance method is applicable to cross-corrdation in 
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flows having a coarse flow regime, such as Uquid plugs. The technique can not be 
used for crosjrcorreladon in a uniform bubble flow, and not with an annular shaped 
flow. 

Many methods exist for determining the parameters of multi-phase syste^^ 
5 the present many are bang developed. 



Object. 

The object of the present invention is to provide a single apparatus and a method 
to rteasure flow rate and/or liquid or gas fraction in multi-phase mixtures. 

10 

The invention. 

The object above is achieved as stated in the characterizing part of claim 1 and 2. 
Further features of the invention ^pear &om the dependent claims 3-8. 
The present invention is based upon apiindple of measuring propagation of 
15 a low frequency pressure pulse through the mecfium. The flow rate and the gas^quid 
latio in a muM-phase flow is, in accordance with the invention, provided by 
measuring the pulse propagation speed to a location up-stream of flie pressure pulse 
source and to a second location down-stream of die pressure pulse source. The 
Biixture flow rate can be determined direcUy by measuring the difference in pulse 
20 propagation q«ed between diepulsesoutceandameteringpoi^^ 

upstream, respectively, in relation to the source, provided that the distance between 
therespective points are known. Tht gasHiquid ratio in a multi-phase stream is. in 

accordancejsith the present invention, determined indirecfly ftom 

propagation speed in the medium by subtracting the medium flow rate from tiie 
25 measured pulse spetd. By providing information about die medium acoustic 
properties m advance, the measured pulse q»eed can be used to determine e.g. the 
liquid volume fraction in the multi-phase flow. 

The propagation speed of a pressure pulse will vary in ac<Sordance with tf» 
corapressibiKty of the medium. With respect to gas and Kquid. die difference 
30 between tiidr compressibilities is large. This difference also exsists in 

water/hydrocarbon systems. Accordingly, the present invention is also appUcable to 
the meterihg of water volume in the hydrocarbon flow. The propagation ^ of a 
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pressure pulse in a multi-phase system is typically in the range from 20 to 100 m/s; 
i.e„ a measurement can be effected in a simple manner, such as with ordinary 
pressure transducers. The flow late of multi-phase systems in a pipe is typically fom 
1 to 10 m/s, and accordingly, metering results with great accuracy are in pridple 
5 achievable. 

However, the present invention is not limited to systems of the gas/liquid type. 
The principle can also be used with other multi-component systems that exhibit 
different phases having different compressibilities, such as water/oil, emulsions and 
solids in liquid. Accordingly, the present invention has large potential and a broad 
10 fidd of use compared with known metering systems. 

Ejcperiments carried out in connecti<ni with the present invention have illustrated 
that if a pressure pulse is to be sufficiently propagated in such media the frequency 
has to be low. Pressure pulses having a frequency below 100 Hz are observed to be 
far less absorbed in the medium than at higher frequencies. The preferred frequency 
15 range will dq)end on the spedfic medium, but frequencies bdow 20 Hi are 
preferred, so that measurement across Jargw distances can be effected. If the 
'pressure pulses are generated by expanding a small gas volume into the two-phase 
flow (e.g. with an injection pressure of about 10 bars), with e.g. a water/air system 
at a pressure close to atmospheric, measurement could be effected at a distance from 
20 2 to 4 meters from the pulse source. Since such low frequent pressure pulses are not 
greatly absorbed in a flowing medium of this type, the metering method according to 
the invention is not substantially influenced by the flow pattern. This is a great 

^^'^ pattern can vary to a large extent in multi-phase systems. 

As described above, determination of the medium flow rate can be done directly 
25 by subtracting the propagation speed from the pulse generator to a point up-stream of 
Ihegenerator and to a point down-stream of the generator. The pressure pulse will 
. move down-stream with a speed equal to the specific acoustic propagation speed of 
the medium plus the medium flow rate. On the other hand, the pressure pulse will 
move up-stream of the pulse generator with a speed equal to the specific acoustic 
30 propagation speed of the flowing medium minus the flow rate of the medium. On the 
basis that the distance Lg and Lc from the pressure pulse generator to the req)ective 
metering locations (B) and (Q, down-stream and up-stream of the pulse generator. 
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respectively, are known, the medium flow rate is detemuned accor<fing to the 
following formula: 

i. which ,. is pressure prom^ sp«d fton, tt« genera«>r u. U« down- 
^ metoi«g sBtion B »d rq»esents the pressure poise pr<w»«» speed 

5 ton the geneiatM to an up-stream metering statioa a 

A detemuMtioi, of the phase tactions of the medium can be effected fiom a 

te^Wge of the atxwstic nahne of the inedium. K a metering principle according to 

present invention is used wiU. oB installations, numerical data for acoustic 
popagation speed of fte resjective phases must bepiorided. N^nerical data for the 
10 -ed of sound in natural gas is wen known and is convenient to calculate for 

fi£fae.t process conditions, i.e. pressure, temperamreand gas denaQr. Acoustu: 
popagation ^ in the <»1 faction can be correlated in view of pressure. 

.e^enoure and pressure, to an adaptation to ^ fields of use, ma^^^ 

demands on accunicy. U WiU be appn-priate to cany o« labonrtbry tes^ 

15 a mathematical modeL By metering pressure and temperance of the medmm in 
addition to determinadon of the specific speed of sound, as stated above, the phase 

flaoions can be calculated. In other situations it may be sufficient to apply availaWe 
base values to estaWsh a coarser reference with reject to the ^ of sound. Even 

amigh the acoustic prrwaion speed wia vary wid. iwssuie and lemperao^ 

20 f«ocess conditions wffl. in most cases, be constant in the metering interval as 

described in fimher detaa Wow. 



Hie equipmradL 

m connection with a pq«ing system, an apparatus according to the present 
25 invention can, for example, be provided as a ppe section having standard 

connections. This section is provided with a pressure pulse generator and at least two 
pressure recorders, A ^ple form of a pressure generator is based upon the 
principle of expanding a small gas volume into the flowing gas-liquid mixture to be 
measured. This gas must have a pressure above theFessure in the medium to be 
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measured. Such pressure pulse genenitor can, for example, comprise a gas tank, 
iaied with a gas at a relatively high pressure, the gas tank being in flow connection 
with the pipe in which the metering occurs and separated from the pipe by a fast 
opening valve. By opening the fast opening valve the snuill gas volume will expand 
5 into the main pipe and generate a pressure pulse. 

The pressure pulse is initialized when the valve is opened. Without any wish to be 
bound by a particular theory, the base mechanism behind the pressure pulse principle 
can, in general, be described as follow: At ideal conditions in a homogeous and 
stationary medum, an oscillating gas (such as nitrogen) bubble will be produced. 
10 When the bubble escapes intt> the homogenous medium, the pressure inside the 
bubble will be higher than of the environment. Because of this gauge pressure, the 
bubble will expand to neutralize the pressure difference between the bubble and the 
environments* This pressure equalization is a dynamic process, and accordingly, the 
bubble will oscillate with a decreasing amplitude until equilibrium is realised. 
15 However, in reality, a lot of different media, as stated above, exist locally in a 
multi'phase medium, so that an injected gas bubble will generate pulses with a 
spectrum of frequaides that propagate in the bulk phase. In a metering system 
according to the present invention, pulses having the desired frequency, preferably as 
low as possible, are filtered away by means of a metering and control unit. 
20 In an alt^ative way of generating pressure pulses, a bendable ferritic membrane 
can be provided in the pipe wall in a main plane substantially parallel with the 
longitudinal axis of the pipe. A coil, located adjacent to the membrane, can produce 

a short duration magnet field to effect a temporary bending of the^ membrane. In this 

way, a pressure pulse can be created directly into the medium to be metered. An 
25 alternative mode of generating pressure pulses is to apply a vibrator means, e.g. of 
the type used in sdsmologic research. 

A person skilled in the art will naturally find the appropriate m^od to establish 
such pressure pulses and the present invention should not be regarded as being 
limited to eitfier high pressure gas injection nor ferritic membranes, as suggested 
30 above. 

The pressure recorders can for exaniple be based upon a simple pressure metering 
apparatus, such as a pressure transducer. The general requirement of the pressure 
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recorders is that they have to exWbit as short response time as possible and that they 
are adapted to a meterir.g pressure range in confonnity with the metering systems m 

A mewing '^"^ » te present invenSon «» al«n«tivly le fonned 

5 asaptotetobeins«tedand6cedlynK»n«edby,fore<ample,loggingtoobof 

,„entomes nnd two pressure recorders nK.unted on a, e.g. wo metering. probo«. 

form of a rod or the Itte. Preftobly. a membrane and a recorder are n»»nKd at 
each sidcrfthe req«cti« ends of the pobe. The n«nbranes can be adapted to 
10 ^atdia*re»tfi«t«ncies.s«has8ma»dl6Hz.a»dlhereco«ier^ 
^ the pressure continously. The pressure data can then be filtered to prov«le 
signals only from the mentoane at the other side of a« probe as input vatoes for dte 

calculation of pulse speed. 
The pulse q)eed can be measured continously by alteniating between 8 

1$ Hz for the two membranes. When the signal ftom the membrane at the other side of 
fte probe has ben rec^, the frequences can be altered. By alternating between 
8H2/16Hr and 16Hz/8Hz, respectivdy, pulse speed across the same pipe segment 
cffl be measured continously. By continously measuring down-stream and up-stream 
pulse speed across the same pipe segment, the data basis for the determination of 

20 flow rate and gas/Kquidfiaction win be very good. 



Brief descriptioii of the Drawings. 

Mowing. thepres««iny«iti«m^^ de^ wifli reference 

to drawings, in which 
25 Rgure 1 illustrates a metering arrangement according to the present invention, 
Figur 2 is a diagram showing the time lag between generated pressure pulse and 

measured pressure pidse. 
Figure 3 illustrates an alternative metering anangement according to the present 

invention, 

30 Rgur 4 is a diagram showing the pressure pulse-response with respect to the pulse 
ftequency in a water-air system provided in accordance with the present invention. 
Figure 5 is a diagram illustrating theoretical variation in pressure.pulse speed witii 
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respect to the mass fraction of air in a two-phase ^stcm comprising water and air, 
Figure 6 shows pressure pulse response with respect to pulse frequency in a two 

phase system consisting of water and air, and 
Figure 7 illustrates schematically an alternative metering arrangement accbrding to 
5 the invention in the form of a probe to be insCTted into a pipe section or a well. 

Detailed dcsscriptibn of the invration* 

Figure 1 shows an example of a metering arrangment consisting of a pipe 11 in 
which the flow direction of the two phase flow is indicated by the arrow 12. The 
10 pulse gen»ator is, in this embodiment illustrated, as a gis tank 16 that ccaitsiins e.g. 
nitrogen at a pressure higher than the pressure of the medium inside the pipe IL The 
gas tank 16 communicates with the pipe 11 via a control valve 14a and is provided 
with a pressure sensor 13 to detect the gas pressure iri the tank 16. Refiliing of gas is 
regulated by means of a valve 14b, At the diametricjil opposite side of the pipe 11 
15 (in this example), a pressure sensor 13a is provided to register the generated pressure 
pulse from a relatively small gas volume being expanded into the pipe 1 1 from the 
gas tank 16 via control valve 14a. However, the pressure sensor 13a can be located 
at angle of e.g. 45*" from the pressure pulse generator with respect to the pipe cross 
section, provided that it is located in the vidnty of the ori^h of the pie5s:ure pulse. 
20 A corre^ndunig pressure sensor 13b is located down-stream of the pulse generator 
and the $ensor 13a. A metering and control unit 15 communicates with the pressure 
sensors 13, 13a and 13b including the control valves 14a and 14b. The metering and 

cpn&pl.ui?i05Jm^ in the pipe 11 by injencting a small gas 

volume at relatively high pressure by a quick and short opening of the control valve 
25 14a. The generiated pressure pulse is sensed al the pressure sensors 13a and 13b 
which send a signal to the metering and control unit 15. By means of this 
anangment> specific speed of sound in the two-phase flow can be measured by using 
the propagation speed from the pulse generator to the sensor 13a as reference point. 
Figure 2 shows generally the loss of intensity and time lag of the generated 
30 pressure pylse (solid line) and the measured pressure pulse (sdppled line). The 
propagation speed of the pressure pulse from the generator to the sensor can me 
measured at several locations, e.g. at the pulse maxmimum or the wave front. If the 
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distance between the pulse generator and sensor is known the pulse propagation 
speed can be found direcUy. This speed will naturally vary with, among other things, 
the flow rate of the medium. As appears from the diagram, the measured pressure 
pulse has a lower intenaty than the generated one. This absorption increase with 

5 increasmg pulse frequency is discussed in further detail below with reference to 
Figure 4. Moreover, the pulse maxima are rounded off. This is because the pressure 
pulse disperses to a certain degree in the medium, in which the pulse propagates 
faster in the liquid phase compared with the gas phase. 
Figure 3 diows an alternative metering artanganait according to the present 

10 invention for the metering of void fraction and flow rate in a two-phase flow. The 
pulse generator is in this embodiment denoted generally at 36 and can, for example, 
comprise either a gas injection system as indicated in Figure 1 or a vibrating 
membrane as discussed above. The directon of flow of the two-phase medium is 
indicated by arrow 32. Three pressure sensors 33a, 33b and 33c are located up- 

15 stream, opposite and down-stream of the pulse generator 36, respectively. The pulse 
generator 36 and the respective pressure smsors all communicate with a met^g 
and control unit 35. As discussed above, Ae flow rate of the medium can be 
determined directly by subtracting the pressure pulse propagatiott speed up-stream, 
i.e. ftom the pulse generator 36 to the pressure sensor 33a up-stream, from the 

20 pressure pulse propagation ^peed (townrstieam, i.e. firom the pulse generator 36 to 
the pressure sensor 33c down^^tream, jwovided, of course, that the distance between 
theieqiective locations are known. 

KgMe 7, a probe is indica^ ^^^^f into a pipe section 71 as^ 

descdbed above. The probe, here generally denoted by 72, comprises pulse 

25 generators 73a and 73b located at opposite ends of the probe, and two pressure 
soisors 74a and 74b located in the oi^>osite ends of the probe and adjacent to the 
resgpective pulse generators. The pulse generatcKS are i^deiably Imitic membranes 
that vibrate continousty at a denred hequeacy, induced by means of an 
electromagnetic cofl. The probe length can be adapted to the actual need, but 

30 typically, the length may vary firom 2 to 4 meters. The membrane can, as mentioned 
above, be adapted to vibrate at different frequencies, for example alternating between 
8 and 16 Hz. By filtering the registered pressure data, thus unng only the agnals 
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from the membrane at the opposite end of the probe as input values for the 
calculation of pulse speed, a metering of both up-stream and down-stream pulse 
speed across the same pipe segment can be effected, thus providing a good basis to 
determine both gas-liquid fraction and flow rate. 
5 This alternative configuration is particularly suited for weU bore installations, in 
which the probe is simply inserted into the well bore and located at a desired 
position by means of ordinary available tools, optionally together with odier tools 
that is commonly used with well logging. Communication with the surface can be 
done e.g. by means of an ordinary electric logging cable 

10 

Example 1. 

in order to illustrate the invention in further detail, experiments were carried out 
with a two-phase system consisting of water and air. 
The appratus consisted of a plastic pipe, a pulse generator, pressure sensors and a 
15 I>a The main dement of the appratus was a ca. 50 meter long pipe circuit, of which 
25 meter in each direction, having an inner diameter of 4.26 cm. The pipe circuit 
was constructed of transparent PVC plastic to be able to monitor the flow regime in 
the two-phase flow. The fluid mixture flowing through the pipe was tranjqwrted by 
means of a compressor and a water pump restively for air and v»^ter separately. 
20 The water was circulated from a 2 n^ water vessel via a nii«ng unit and a 

stabilizing unit through the pipe circuit via a separator and back to the water vessel. 
Hie late was controlled by nieans of a manual butterfly valve. The air was supplied 

.!J^!1^P'^^£^_^ P'^^ couW be controlled by a reduction valve, and the 

rate could be controll^ by means of three manuaTbuttarfly valves;" onefor small, 
25 one for medium, and one for large rates. 

Magnetic flow meters and rotameters were used to measure the in-flowing fluids. 
The flow rate of water was measured with a magnetic flow meter and three 
rotameters. The magnetic flow meters were diredUy connected witti a PC. whereas 
the rotameters could only be t&ul manually. The air rate could be measured by 
30 means of flwee magnetic flow meters and four rotameters. The air pressure of Uie in- 
flowing air was measured by means of an oil-fiUed manometer. After Uie sqarately 
in-flowing phases were measured, the phases were intermixed to form a two-phase 
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fluid in a V-fitting and transported through the horizontal pipe section. 

TO effect the necessary measurements, a 5 meter long pipe section was removed 
from the drcmt and rQ,laced by a new section that was. in principle, formed as 
*ovm in Rgme 3 . However, the metering station consisted, of a pulse generator and 

5 pressure sensors that could be selectivdyl^^^ 

pressurized air container consisted of a ca. 8 cm long 16 bar PVC pipe having ^ 

tar diameter of 4 cm, that was adapted to inject a pulse creating nitrogen volume 
of about 5 cn^ into the main p^. The pressurized air vessel was connected with a 
nitrogen tank via a valve, thus enabeling pressure regulation from 1 to 16 bar. The 

10 pressure valve of the pressure pulse generator, cf . the valve 14a of Kgure 1, was a 
solenoid valve having a bore diameter of 10 mm. Two types of pressure sensors 
were used; 1 bar and 5 bar sensors. Hie output signals from the pressure sensors 
were guided via a amplifier and a digitalisating unit, and registered in a PC. THe 
pressure was registered with a sampling rate of 300 Hz. The metering section was 

15 Ideated as fer down-stream from the mixingm.it as possib^^ 

aid Obtained the longest possible flow path prior to metering. -Die flow pattern was 
tiHis fiitty developed prior to the metering station. 

Measurements were carried out for different gasmquid conditions and ififfcrent 
-flew rates by injecting 5 cm' nitrogen volumes into the main pq«, in which the 

20 mtrogen pressure wasvariedfrometo 12 bar. Thepressureofthetwo-pha^ 
was close to atmos^eric. The resdts of these experiments are iUu^^ 
4, that shows the pulse speed in m/s in view of mass fiactioa air based upon coun^ 

curr ent ine^g. Hgure 5 shows theoretical values corresponding to^Figure 4 
calculate accor^g to Eeff^s model (KiefferS.W., 1977; SoundS^ina 

25 Liquid-Gas mixture; Water-Air and Water-Steam. Dep. of GeoL, Univ. of CaL. 
lA) The vahies ill Hgure 4 measured acceding to the present invention exhibit 

,^gty good coriespondance with the theoret^^ 

present invention can be used for the metering of volume fractions of the respective 

phases in a two-phase flow. 
30 likewise, the medium flow rate can be calculated, as dicussed above, by 
substracting down-stream pulse q>eed from up-stream pulse speed. The 
measurements should be carried out simultaneously across both (or more) of the 



^^^^^'^ I>Cr/NO93/D0Q0J 

13 

pressure sensors up-stream and down-stream the pulse generator and across the same 
pipe segment. 

Example 2 

In order to fllustrate the influence of the frequency range for the pressure pulse» a 

test torresponding to Example 1 was conducted. Fig. 6 disdoses a suran^ 
tests for an air dominant flow regime having a pulse response as a function of pulse 
frequency. These values originated from a FFT-routine (Fast Fourier Transform). As 
10 ^ in tiie Figure, the pulse response declines to a practically non-detectable signal 
at a pulse frequency of approximately 50 Hz. This emphazises the importance of 
using correct pulse frequency to obtain results that are useful. 

Furthermore, the pulse response for a fluid dominated flow regime has a tendency 
to exhibit a positive shift This means that the measuring sensor registers a higher 
15 main frequency than the reference sensor. On the other hand for air dominated flow 
regimes a negative response shift is observed. This means that the measuring sensor 
registos a lower main frequency than the reference sensor. The response shift within 
the frequency range is also to a great extent a fluid characteristic for a two-phase 
fluid. In other words, this characteristic can determine the fraction composition of 
20 the two-phase mediiiro. 

in addition, the frequency analysis contains much other infbrmatibn which can be 
utilized for determining characteristics for a two-phase flow. 
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Clmms: 



1 M.U,od for d«em»mng flow ratt^nd q»»fi?r ^ bemeen different pha^ » 
pipes »«i wells; U.e flowing medium compHscs or «ore ptoses, pardda^y *>t 
t„o-pl>ase systems of U,e namra. gas/oB wherein a sound w»c is genet,Kd at 

a locafiott 09 i» Of i» *e ""^^ of the pipe or lie weU; 
5 «« so«Hi wave is regis^W a, a first locadon (330) in tf>e flow direction from *e 

location (36) for tlte genera««l sonnd ,«ve. and the sound wave is regtstered at a 
secondlocadon (33a) opposite the flow direcdon iiom dtelocafio. (36) fbtthe 
genenued sound wave. Wherein tl« distances between locations 06)^w^ 
sound wave is generated a»l .1.0 resistive measuring first and second loca-ons 

10 and 33a) are denoted by lengths!, and U; 

ftetimedifierencebetweeatheprc^Bgatfontimeofthepressue pulse,!, and t„ 

respectively, iteough the medium from the location (36) to fl« first and second 
tocation (33o)and (33a). respectively, is used for determining the flow veloc«y of 
the medium according to following formula: 



15 wh(«inv^dtootes&eflowvdodtyof<bccoinpositk)n; 

characterized by the sound wave traMimtted ftom locatioa (36) into the 
flowing medium in the pipe or the well is generated with a ftequency less than or 
equal to 100 Hz. and optionaUy determining the gas/fluid ratio in the medium by 

- ._...„btmcting^^SDto^flPjLyd^^ 

20 vdodty^whereaftercomparisonis made with thetmepropagationvelod^ 

theoretical or experimental values. 

2 Method according to daim 1, 
characterized by the sound wave is generated as discrete pressure pulses. 

3. Device for determining flow rate and gas/fluid ratio in pipes and wells where 
25 the flowing medium comprises two or more phases, particularily for two-phase 
systems of the natural gas/oil type, comprising a generator (36) for generating sound 
waves into tiie medium, and two or more sensors (33a;33c) for registering som^d 
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waves generated in the generator (36), at least one of the sensors being located at a 
IcDOwn distance in the flow direction from the generator, and a second sensors being 
located at a second known distance opposite the flow direction from the generator, 
and the respective sensors (33a;33c) are all connected to a control unit (35) which 
5 can receive and process the generated sound wave and the registered sound waves 
for determining the flow velocity of the medium and the specific acoustic 
propagation velocity, 

characterized by the generator (36) and associated sensors (33a;33c) 
being adapted to respectively generate and register sound waves having a frequency 
10 less than or equal to 100 Hz. 

4. Device according to claim 3, 
characterized by the generator (36) and associated sensors (33a;33c) are 
adapted to respectively generate and register sound waves in the form of discrete 
pulses. 

15 5. Device according to claim 4, 

characterized by the generator comprising a gas tank (16) containing a 
gas at a pressure higher than the pressure of the medium to be measured, the tank 
being in fluid communication with the flow duct housing the medium to be 
measured, the gas tank and the duct being sq)arated by a fast opening valve that, 

20 when opened, expands gas into the medium to be measured, thus establishing a 
pressure pulse in the same. 

6. Device according to claim 4, 
ch.a-r-act-erJ.z.eJ_b.y.t^^^^ 

membrane located in the duct wall in a main plane being substandally in paraUel 
25 with the longitudinal axis of the duct, and aft associated coil located adjacent to the 
membrane to create a short duration magnet field to provide a temorarily bending of 
the membrane, thus creating a pressure pulse directly into the medium to be 
measured. 

7. Device according to one of claims 3 to 6, 

30 c h a r a c t c r i z e d by the generator (36) being adapted to generate pressure 
pulses having a frequency below 20 Hz. 
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8. Device according to one of claims 5 to 7, 

c ii a r a c t c r i z e d by the generators C73a;73b) being integrated in a probe (72) 
in the form of a i«pe or the like, each generator bdng located at opposite ends of the 
probe (72). in which m> pressure sensors C74aJ4b) are located at oppoate ends of 
5 the prpbe and adjacent to the req>ective generators. 

9. Device according to claim 8, 

characterized by the generators (73a,73b) is ad^ted to operate at 

mutually (fifferent ftequendes. 

10. Device according to daim 9, 

10 characterized by the respective generators (73a,73b) being adapted to 

generate pressure pulses at two mutually different and alternating frequendes. 
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